Using particle-in-cell simulations and kinetic theory, we explore the current- produce electron holes that co-exist but have very different propagation speeds.
X -4 CHE ET AL.: LH INSTABILITY AND ELECTRON HOLES
During magnetic reconnection we demonstrate that two distinct classes of electron holes 
Simulation
We carry out 3D magnetic reconnection simulations with a strong guide field similar to 37 those carried out earlier [Drake et al., 2003 ] but with a much larger simulation domain: accelerated to 10c A and to 14c A at Ω i t = 4. We show the current sheet around the x-line in the x−y plane at Ω i t = 3.3 in Fig. 1 (a other at the same value of z, which indicates that this result is not due to the spatial 70 structure of the streaming velocity. In Fig. 3 we show E z and the z − v z phase space 71 around (x, y) = (1.2d i , 1.5d i ) at Ω i t = 3 to reveal the structure of the fast moving holes. 
Kinetic Model and Analytic Results
We now investigate which instabilities drive the two distinct types of holes by examining 
where value along and across the magnetic field while the ions are taken to be isotropic.
94
The fitting parameters of the distribution functions at Ω i t = 3, 4 are listed in Table   95 1. The match between the parallel distribution and our fitted distribution is shown in 96 Fig. 4 (a) . We can see from the Table that 
99
The theoretical 2D spectrum at Ω i t = 3 is shown in Fig. 4 (b) . Two distinct modes mode is the Buneman instability rather than the two-stream instability, we exclude ions 104 from our calculations. The mode obtained only with electrons is shown in Fig. 4 (c) .
105
The two-stream instability has a much smaller growth rate. Thus, the parallel mode 106 is the Buneman instability. The peak of the nearly-perpendicular mode is centered at holes marked by the downward arrows in E z and the oblique stripes in E x in Fig. 1 .
119
This interpretation is consistent with the parallel phase speeds v pz of the Buneman and 
